Tamaricihabitans halophyticus gen. nov., sp. nov., an endophytic actinomycete of the family Pseudonocardiaceae A novel actinomycete strain, designated KLBMP 1356 T , was isolated from the root of halophyte Tamarix chinensis Lour. collected from the coastal area of Jiangsu province, PR China. The isolate was characterized using a polyphasic approach. Comparative analysis of the 16S rRNA gene sequence indicated that strain KLBMP 1356 T was phylogenetically related to members of the family Pseudonocardiaceae and formed a distinct monophyletic clade between the genera Amycolatopsis (93.1-94.7 % 16S rRNA gene sequence similarity), Prauserella (93.6-95.1 %) and Saccharomonospora (93.2-94.3 %). The isolate displayed long spore chains containing rodshaped and smooth-surfaced spores. Strain KLBMP 1356 T contained meso-diaminopimelic acid as the diagnostic diamino acid, and galactose, arabinose and glucose as the whole-cell sugars. The major menaquinone was MK-9(H 4 ) and the fatty acid profile was characterized by the predominance of iso-C 16 : 0 , C 17 : 1 v8c, C 17 : 1 v6c and C 17 : 0 .The polar lipids comprised diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylinositol, unknown aminophospholipids and an unknown glycolipid. Mycolic acids were not present. The G+C content of the genomic DNA was 67.2 mol%. On the basis of the evidence from this polyphasic study, strain KLBMP 1356 T is considered to represent a novel species of a new genus in the family Pseudonocardiaceae, for which the name Tamaricihabitans halophyticus gen. nov., sp. nov. is proposed. The type strain of the type species is
The family Pseudonocardiaceae was established by Embley et al. (1988) and its description has been emended by Stackebrandt et al. (1997) , Zhi et al. (2009) and Labeda et al. (2011) on the basis of 16S rRNA gene sequence, chemotaxonomic and morphological analyses. At the time of writing, the family Pseudonocardiaceae comprises 29 genera with validly published names (http://www.bacterio.net/ pseudonocardiaceae.html), including the recently described genera Umezawaea (Labeda & Kroppenstedt, 2007) , Actinomycetospora (Jiang et al., 2008) , Allokutzneria (Labeda & Kroppenstedt, 2008) , Sciscionella (Tian et al., 2009) , Haloechinothrix , Actinophytocola (Indananda et al., 2010) , Alloactinosynnema (Yuan et al., 2010) ,
Yuhushiella (Mao et al., 2011) , Labedaea (Lee, 2012) , Longimycelium (Xia et al., 2013) and Thermotunica (Wu et al., 2014) . Most of the genera have been isolated from diverse habitats, including soil, plant, salt lake and marine sediments. In recent years, endophytic actinobacteria are of interest because of their abundant diversity and capacity to produce a vast array of secondary metabolites exhibiting a wide range of biological activity and diverse ecological functions (Strobel et al., 2004; Qin et al., 2011) . During a study of the actinobacterial diversity from coastal halophyte habitats, we discovered endophytic strain KLBMP 1356 T from the root of halophyte Tamarix chinensis Lour. This strain was assigned to the family Pseudonocardiaceae by using 16S rRNA gene sequence comparisons. The aim of the present study was to determine the taxonomic position of strain KLBMP 1356 T using a polyphasic approach. treated and surface sterilized according to a five-step sterilization procedure (Qin et al., 2009) . Crushed plant tissues were spread on starch casein agar (Xing et al., 2013) supplemented with nystatin (50 mgml 21 ), nalidixic acid (50 mgml 21 ) and 3 % (w/v) NaCl, and incubated at 28 8C for 28 days. Strain KLBMP 1356 T was picked, purified and then maintained on inorganic salts/starch agar [International Streptomyces Project medium 4 (ISP 4); Shirling & Gottlieb, 1966] slants at 4 8C and as glycerol suspensions (20 %, v/v) at 280 8C.
Genomic DNA of strain KLBMP 1356 T was extracted as described by Li et al. (2007) . The 16S rRNA genes were amplified with forward primer 27f (59-CAGAGTTTGATC-CTGGCT-39) and reverse primer 1492r (59-AGGAGGTG-ATCCAGCCGCA-39) using the program of Qin et al. (2012) . The nearly complete 16S rRNA gene sequence of strain KLBMP 1356 T was compared with available 16S rRNA gene sequences from the GenBank database using the BLAST program and the EzTaxon-e server (http:// eztaxon-e.ezbiocloud.net/; Kim et al., 2012) . Phylogenetic trees were reconstructed by the neighbour-joining (Saitou & Nei, 1987) , maximum-likelihood (Felsenstein, 1981) and maximum-parsimony (Kluge & Farris, 1969 ) methods with the MEGA 5.0 software package (Tamura et al., 2011) . The evolutionary distances used in the neighbour-joining method were calculated using Kimura's two-parameter model (Kimura, 1980) . The topology of the phylogenetic tree was evaluated by the bootstrap resampling method of Felsenstein (1985) with 1000 replicates. All positions containing gaps and missing data were eliminated from the dataset (complete deletion option). The G+C content of the genomic DNA of strain KLBMP 1356 T was determined by using the HPLC method (Mesbah et al., 1989) .
Cultural characteristics of strain KLBMP 1356 T were tested on ISP 2, ISP 3, ISP 4 and ISP 5 media (Shirling & Gottlieb, 1966) , potato-dextrose agar (PDA), Czapek's agar and nutrient agar (NA) (Waksman, 1967) after incubation for 21 days at 28 8C. The colony colour was determined with ISCC-NBS colour charts (Kelly, 1964) . Cell morphological characteristics were examined using light microscopy (SA3300-PL, Philips) and scanning electron microscopy (S-3400N; Hitachi) with cells grown on NA medium for 28 days at 28 8C. Gram staining was carried out by the standard Gram reaction in parallel with the KOH lysis test (Cerny, 1978) . Growth was tested at 4, 10, 15, 20, 28, 37, 40, 45 and 55 8C on NA medium by incubating the cultures for 21 days. The ability of the strain to grow at different pH [pH 4, 5, 6, 7, 8, 9, 10 and 11, using the buffer system described by Xu et al. (2005) ] and NaCl concentrations (0-15 %, w/v at 1 % intervals) was examined at 28 8C for 21 days. Carbon-source utilization was tested by using ISP 9 medium (Shirling & Gottlieb, 1966) supplemented with 1 % (final concentration) carbon sources. The utilization of amino acids as sole nitrogen sources was tested as described by Williams et al. (1983) . Production of acid and other physiological and biochemical characteristics were tested by using well-established procedures (Gordon et al., 1974) .
Freeze-dried cells used for chemotaxonomic analyses were obtained from cultures grown in ISP 4 broth on a rotary shaker at 150 r.p.m. for 7 days at 28 8C. For cellular fatty acid analysis, strain KLBMP 1356 T was grown on NA medium at 28 8C for 7 days. Menaquinones were extracted as described by Collins et al. (1977) and analysed by HPLC (Groth et al., 1997) . Polar lipids were extracted and examined by two-dimensional TLC on silica gel plates using methods described by Minnikin et al. (1984) . Amino acid and sugar analysis of whole-cell hydrolysates was performed according to the procedures described by Lechevalier & Lechevalier (1970) and Hasegawa et al. (1983) . Extraction and analysis of mycolic acids was performed using the method described by Hamid et al. (1993) . Cellular fatty acid composition was determined using the Microbial Identification System (Sherlock version 6.0) procedure (Sasser, 1990) and an Agilent GC 6850 gas chromatograph. The resulting profiles were identified using the database library TSBA6 version 6.0.
An almost-complete 16S rRNA gene sequence (1445 bp . The sequence similarity to type strains of species of other genera in the family Pseudonocardiaceae was below 93.5 %. Although high 16S rRNA gene sequence similarity was found between strain KLBMP 1356 T and members of the genera Prauserella and Amycolatopsis, strain KLBMP 1356 T was phylogenetically separate from both genera. The neighbour-joining tree (Fig. 1 ) based on 16S rRNA gene sequences showed that strain KLBMP 1356 T belonged to the family Pseudonocardiaceae and formed a distinct lineage between the Prauserella, Saccharomonospora and Amycolatopsis cluster, albeit with a moderate bootstrap value of 51 %. This close relationship was also solidly supported by the maximum-parsimony ( Fig. S1 , available in the online Supplementary Material) and maximum-likelihood trees (Fig. S2 ). The DNA G+C content of strain KLBMP 1356 T was 67.2 mol%.
Cells of strain KLBMP 1356 T were Gram-reaction-positive and aerobic. Strain KLBMP 1356 T grew well on ISP 2, ISP 4, NA and PDA media and moderately on ISP 3, ISP 5 and Czapek's agar (Table 1) . The isolate formed welldeveloped, branched substrate mycelium with fragmentation. Aerial mycelia were sparse on ISP 4 agar medium and were white and relatively abundant with long filaments (0.37-0.45 mm in diameter) on NA medium (Fig. S3 ). Mature aerial mycelia fragment into rod-shaped elements. No soluble pigments were produced on any of the test media. Strain KLBMP 1356 T could grow at 10-37 8C, at pH 6.0-9.0 and with 0-13 % NaCl, with optimum growth at pH 7.0, 28 8C and with 0-5 % NaCl (w/v). The detailed physiological and biochemical characteristics of strain KLBMP 1356 T are given in the species description.
Cells of strain KLBMP 1356 T contained meso-diaminopimelic acid as the diagnostic diamino acid of the peptidoglycan. Whole-cell sugars were arabinose, galactose and glucose. The predominant menaquinone was MK-9(H 4 ) (94 %), and minor amounts of MK-8(H 4 ) (4 %) and MK-9(H 6 ) (2 %) were also detected. Diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylinositol, three unknown aminophospholipids, one unidentified glycolipid and one unknown lipid were detected (Fig. S4) . The predominant fatty acids were iso-C 16 : 0 (41.8 %), C 17 : 1 v8c (14.2 %), C 17 : 1 v6c (11.1 %) and C 17 : 0 (8.9 %). The full fatty acid profile is presented in Table S1 .
Phylogenetic analysis based on the 16S rRNA gene sequence revealed strain KLBMP 1356 T was a member of the family Pseudonocardiaceae, but did not form a reliable clade with any of the members of this family. Differential characteristics of strain KLBMP 1356 T and phylogenetically related genera of the family Pseudonocardiaceae are given in Table 2 . (Kim & Goodfellow, 1999; Wang et al., 2010) ; 3, Amycolatopsis (Lechevalier et al., 1986; Goodfellow et al., 2001; Labeda et al., 2011) ; 4, Saccharomonospora (Li et al., 2003; Liu et al., 2010; Veyisoglu et al., 2013) ; 5, Saccharopolyspora (Korn-Wendisch et al., 1989; Qin et al., 2008) . +, Present or positive; 2, absent or negative. Morphological, chemotaxonomic and general characteristics are as given for the genus. Grows well on ISP 2, ISP 4, NA and PDA media and moderately on ISP 3, ISP 5 and Czapek's agar. Substrate mycelia are well-developed and white or yellowish-white to yellow-white depending on the medium. No diffusible pigments are produced. Aerial hyphae are sparse and white. The pH, NaCl concentration and temperature ranges for growth are pH 6.0-9.0, 0-13 % and 10-37 uC, with optimum growth at pH 7.0, 28 uC and with 0-5 % (w/v) NaCl. Positive for utilization of urea. Negative for milk coagulation and peptonization, and H 2 S production. Hydrolyses aesculin, but not cellulose. Utilizes D-arabinose, meso-erythritol, D-fructose, D-galactose, D-glucose, inositol, maltose, D-mannose, D-sorbitol, trehalose and D-xylose as sole carbon and energy sources. Does not utilize cellobiose, lactose, raffinose, L-rhamnose, D-ribose or xylitol. Acid is produced on D-arabinose, D-fructose, D-galactose, D-glucose, maltose and D-xylose. Uses L-arginine, L-asparagine, L-glycine, L-histidine, L-proline and L-serine as sole nitrogen sources, but negative for assimilation of L-glutamic acid, L-tyrosine and L-valine.
The type strain, KLBMP 1356 T (5DSM 45765 T 5NBRC 109361 T ), was isolated from the root of halophyte Tamarix chinensis Lour. collected from the coastal area of Jiangsu province, PR China. The G+C content of the genomic DNA of the type strain is 67.2 mol%.
